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IBM High Performance Computing Toolkit on BG/L

MPI performance: MP_Profiler

CPU performance: Xprofiler, HPM
Visualization and analysis: PeekPerf
Modular I/0: MIO
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IBM HPCT Overview
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Message-Passing Performance:

MP_Profiler Library
Captures “summary” data for MPI calls
Source code traceback
User MUST call MPI_Finalize() in order to get output files.
No changes to source code

MUST compile with —g to obtain source line number information
MP_Tracer Library

Captures “timestamped” data for MPI calls

Source traceback

Available at /bgl/home1/ihchung/hpct_bgl/mp_profiler on BG/L
front end node
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Compiling and Linking Example

BGL=/bgl/BlueLight/ppcfloor
CC=$(BGL)/blrts-gnu/powerpc-bgl-blirts-gnu/bin/gcc

CFLAG= -1 $(BGL)/bglsys/include

MPI_LIB= -L $(BGL)/bglsys/lib -Impich.rts -Imsglayer.rts -Irts.rts -Idevices.rts
TRACE_LIB= -L $(MP_PROFILER) -Impitrace.rts

BINUTILS LIB=-L $(BINUTILS) -lbfd -liberty

target: source.c
$(CC) -0 $@ $< $(CFLAG) $(TRACE_LIB) $(MP|_LIB) $(BINUTIL_LIB)

|

$(TRACE_LIB) has to precede $(MPI_LIB)
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MP_Profiler Output with Peekperf

[E%1 iEM ACTC PeekPerf: Main Window
File Tools Options

MPI_Application l

Label Call CoujWa.
EbabEan e (. LR . — el
B-bcas t_int (mp i_s tuff.f } 08 etric ;ﬁ‘pﬂﬁ!‘lﬂ_'ﬁ Prmisian_-v.l
w-bcast real (mpi stuff.f) Task 7 |MessageSize  [Count  |WallGlook [Max] |Transfered Bytes | Gall Gount [Max] | WaliClock |
e s I ; "N 5 o (8) 16K..84K 1820 0.513883 2.21181e+07 1920 0.513883
#rglobal_int_ sum(mpi_stuff.f) | (8 16K..64K 2880 0.549085 3.317766+07 2880 0.548086
wglobal real max (mpil stuff.f)|z (8) 16K ..64K 2880 0.551206 3.31776e+07 2880 0.551206
Sl siad. resl B ol seabt. B (8) 16K..84K 1820 0.516694 2.21181e+07 1920 0.516694
4 (8) $6K..84K 2880 0.632482 3.317768+07 2880 0.632482
mpmpl_allreduce(allreducef.c) (s (8) 16K ...64K 3840 0.654542 4.42368e+07 3840 0.654542
spmpi_barrier (barrierf.c) 6 (8) 6K ..84K  3B40 0.651453 4.42368e+07 3840 0.651453
i 7 (8) 16K..84K 2880 0.625413 3.31776e+07 2880 0.625413
gpmpl_bcast (bcastf.c) B {8) 16K ... 64K 2880 0.593683 3.31776e+07 2880 0.593683
+.pmpi comm rank (comm rankf.c) || (8) 16K ..64K 3840 0.643496 4.423686+07 3840 0.643496
. o, o, £ 10 (8) 16K ... 64K 3840 0.640881 4.42368e+07 3840 0.640881
wpmpi_comm_size (comm_sizef.c) |, (8 16K .. 64K 2880 0.589392 3.317766+07 2880 0.589392
wpmpl recvirecvf.c) 12 (6) 16K ... 64K 2880 0.553126 3.31776e+07 2880 0.553126 =
w-pmpl_send (sendf.c) by, 5 : . = — 7 - =
mrov_real (mpi_stuff.f) 0 0
g-gnd real (mpi_stuff.f) 0 0
” g . vy return
EMPT Send 130 Ut
end
B SUMMARY 0
mtask init(mpil stuff.f) 0 0
subroutine recv_real (orig, wvalue, size, ta
implicit none =
<] il | || RS o
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MP_Profiler Message Size Distribution

MPI Function #Calls Message Size  #Bytes Walltime MPI Function  #Calls Message Size  #Bytes Walltime
MPI_Comm_size 1 (1) 0..4 0 1E-07 MPI_Irecv 2 (1) 0..4 3 4.7E-06
MPI_Comm_rank 1 (1) 0..4 0 1E-07 MPI_lIrecv 2 (2) 5..16 12 1.4E-06
MPI_lIsend 2 (2 5 16 12 1.4E-06 MPI_lIrecv 2 (4) 65 ... 256 192 2.4E-06

MPI_lIrecv 2 (5) 257 ... 1K 768 2.6E-06
MPI_Isend 2 (3) 17 ... 64 48 1.3E-06

MPI_Irecv 2 (6) 1K ... 4K 3072 3.4E-06
MPI_lsend 2 (4) 65 ... 256 192 1.3E-06

MPI_lIrecv 2 (7) 4K ... 16K 12288 7.1E-06
MPI_Isend 2 (5 257 ... 1K 768 1.3E-06

MPI_Irecv 2 (8) 16K ... 64K 49152 2.23E-05
MPI_lsend 2 (6) 1K ... 4K 3072 1.3E-06

MPI_lIrecv 2 (9 64K ... 256K 196608 9.98E-05
MPI_Isend 2 (7) 4K ... 16K 12288 1.3E-06

MPI_lIrecv 2 (A 256K ... 1M 786432 0.00039
MPI_Isend 2 (8) 16K ... 64K 49152 1.3E-06

MPI_Irecv 1 (B) 1M ... 4M 1048576 0.000517
MPI_lsend 2 (9 64K ... 256K 196608 1.7E-06

MPI_Waitall 21 (1) 0..4 0 1.98E-05
MPI_Isend 2 (A 256K ... 1M 786432 1.7E-06

MPI_Barrier 5 (1) 0..4 0 7.8E-06
MPI_lsend 1 (B) 1M ... 4M 1048576 9E-07

© 2005 IBM Corporation



IBM Research

Environment Flags

TRACELEVEL
Level of trace back the caller in the stack
Used to skipped wrappers
Default: 0
TRACE_TEXTONLY
If set to “17”, plain text output is generated

Otherwise, a viz file is generated

TRACE_PERFILE

If set to “17, the output is shown for each source file
Otherwise, output is a summary of all source files

TRACE_PERSIZE

If set to “1”, the static for a function is shown for every message size
Otherwise, summary for all message sizes is given
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Xprofiler

CPU profiling tool similar to gprof
Can be used to profile both serial and parallel applications

Use procedure-profiling information to construct a graphical display of
the functions within an application

Provide quick access to the profiled data and helps users identify
functions that are the most CPU-intensive

Based on sampling (support from both compiler and kernel)
Charge execution time to source lines and show disassembly code

/bgl’/home1/ihchung/hpct_bgl/xprofiler on BG/L front end node
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Running Xprofiler

Compile the program with -pg
Run the program

gmon.out file is generated (MPI applications
generate gmon.out.1, ..., gmon.out.n)

Run Xprofiler
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Xprofiler: Main Display

> Xprofiler v1.1 - IBM POWER Parallel System
File View Filter Report Utility Help

Width of a bar: T
time including %
called routines I

% ]

Height of a bar: ‘ I

s

time excluding |
called routines giome s

Bkip_Bad_Data [36] .#ind_median [118] ain Neura ot e [107] .Load_T0_Da{

Call arrows .
labeled with 583200 \
number of calls / \ |
Ove rView . \f;a?g"[ms] Recaver_Bpoe_ttate [

window Cowmmar | 0.330 x 0.330
.Reset_Diff Equations
for easy 1

navigation I | .
(View 9 Total CPU Usage: 5853;38 ;ecn ds  ( y of 1 gnon,out profile files)
Overview)

[Progran: nn,profile nds  (summar;
Display Status: showing 35 out of 125 nodes 0 out of 170 arcs
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Xprofiler: Source Code Window

So u rce code >« Source Code for mtdsgmm.c 0] x|

. R File @tility Help
window displays
d line per line source code
source code "
= - = %gg ;: use Z2x-unrolling of the outer two loops *j:
with time profile 08 ‘ ’
- - 206 {
(|n ticks=.01 sec) 207 8 o (j=j0; JeiOvis-1i J+=2)
209 1 t11 = clim+jl;
210 5 t12 = cli=n+ j+1];
2z 5 15 = Sl hame L D1;
213 for OekO: JkOrks: kre) ya
Access 217 229 t21 = t21 + al(i+1)en+k]l=bt[jzn+k];
%ig 144 N 122 = £22 + al(it1)ens kbt (1) en+k];
Select function ? chimdl st
[ [ [ 222 3 cl(i+1)=m+jl = £21;
|n ma|n d'SpIay 333 5 ) cli+)on+ (j+1)] = t22;
225 for (j=j; J<jl+js; j++)
55 © a1 = clismeg]
= itn+ jl:
9 Context menu 228 t21 = ﬁ[?ifl‘)’*;q];
%%3 ior (k=k0; k<kQ+ks; k++)
] 231 t11 = t11 + ali=n+kl=bt[j=n+k];
Select fu nCtlon %gg , t21 = t21 + al(i+1)¥m+klsbt[jon+k];
. . 234 clizn+jl = t11;
in ﬂat prof”e 235 , cltrDamil = e21;
237 ]
- Code Display = =
Search Engine: (regular expressions supported)
|_§_thsub |
- Show Source

Code
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- Disassembler Code

Xprofile

Disassembler Code for .calcs [3]

File

no, ticks

addres=s per instr, instruction assembler code source code

1000ZE18 a1 FCC4287C fnm=s 6.4,1,5

10002E1C 64 CCFY00DE 1fdu 7, 0x8(23) POLD(I,J) = P(I,J)+ALPHA%:(PNEM(I, J)-
10002E20 187 C30C0008 1fd 8, 0x8(12)

10002E24 53 C3750008 1fd 11, 0xB(21) UOLD(I,J) = U(I,J)+ALPHA® (UNEW(T, .J)-
10002E28 89 FDG35824 fa 11,.3,11

10002E2C 63 FD2E387C fnm=s 9.8.,1.7 POLD(I,J) = P(I,J)+ALPHA®(PNEMW(T, .J)-
10002E30 4 DD5SBOOOE stfdu 10, 0xB(27) UCI,J) = UNEM(I,.J)

10002E34 C3540008 1fd 10, 0xZ (200 YOLD(I,J) = ¥(I,J)+ALPHA%:(YNEM(I, J)-
10002E33 113 FCCA3024 fa 6,10,6

1000ZE3C 27 CB76D00D8 1f£d4 3. 0xB(22) POLD(I,J) = P(I,J)+ALPHA®(PNEMW(T, .J)-
10002E40 a7 FDEO12FA fma 12,0,11,2 UOLD(I,J) = U(I, J)+ALPHA=(UNEM(I, J)-
10002E44 35 DCEI000E stfdu 5, 0x3(25) Y(I,J) = ¥NEW(I,J)

1000ZE48 4 FC634824 fa 3.3.9 POLD(I,J) = P(I,J)+ALPHA=(PNEH(I,J)-
1000ZE4C 12 CD5A0008 1fdu 10, 0xB(26) UOLD(I,J) = U(I,J)+ALPHA® (UNEW(T, .J)-
1000ZE50 62 FCCOZ1BA fma 6,0,6,4 YOLD(I,J) = ¥(I,J)+ALPHA=(¥NEH(I,J)-
1000ZE54 36 CE5B0O008 1fd 2, 0x8(27) UOLD(I,J) = U(I,J)+ALPHA® (UNEW(T, .J)-
1000ZE58 244 DCECDO0OE stfdu 7. 0x8(12) P(I.J) = PHEHW(I,.J)

1000ZE5C 28 FDOO40FA fma 8.0,3.8 POLD(I,J) = P(I,J)+ALPHA=(PNEH(I,J)-
10002EGD Ca330008 1fd 4, 0xZ (25) YOLD(I,J) = ¥(I,J)+ALPHA®(¥YNEW(TI, .J)-
10002E64 316 DCD40008 stfdu 6, DxB8(20)

10002E68 29 FC62507C  fnms 3.2.1.10 UOLD(I,J) = U(I,J)+ALPHA=(UNEH(I,J)-
) ] =
Hearch Engine: (regular expressions supported)
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LIBHPM

Instrumentation library

Provides performance information for instrumented
program sections

Supports multiple (nested) instrumentation sections
Multiple sections may have the same ID

Run-time performance information collection

Based on bgl perfctr layer — can be eliminated in BG/P

Available at /bgl/home1/ihchung/hpct_bgl/hpm on BG/L
front end node

© 2005 IBM Corporation
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Event Sets

16 sets (0-15); 328 events
Information for

Time

FPU (0,1)

L3 memory

Processing Unit (0,1)

Tree network

Torus network

For detailed hames and descriptions: event_sets.txt

© 2005 IBM Corporation
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Functions

hpminit( taskIiD, progName ) / f_hpminit( taskiD, progName )
tasklID is an integer value indicating the node ID.
progName is a string with the program name.

hpmStart( instiD, label ) / f_hpmstart( instID, label )

instID is the instrumented section ID. It should be > 0 and <= 100 (
can be overridden)

Label is a string containing a label, which is displayed by PeekPerf.
hpmStop( instID ) / f_hpmstop( instID )

For each call to hpmStart, there should be a corresponding call to
hpmStop with matching instID

hpmTerminate( taskiD ) / f_hpmterminate( taskiD )

This function will generate the output. If the program exits without
calling hpmTerminate, no performance information will be generated.

© 2005 IBM Corporation
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Functions (continued)

hpmGetTimeAndCounters( numCounters, time, values )
| £ GetTimeAndCounters ( numCounters, time, values )

returns the time in seconds and counts since the call to hpminit.

numCounters: integer indicating the number of counters to be
accessed.

time: double precision float

values: “long long” vector of size “numCounters”.
hpmGetCounters( values ) / f hpmGetCounters ( values )

Similar to hpmGetTimeAndCounters

only returns the total counts since the call to hpminit

© 2005 IBM Corporation
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Example of Use

C/C++

declaration:
#include “libhpm.h”

use:
hpminit( taskID, “my pro ram”),
hpmStart( 1, “outer call”
do_work();
hpmStart( 2 “computing meaning of life” );
do_more work(),
hpmStop (2),
hpmStop(
hmeermlnate( taskiD );

Flags
Compiling: -I$(HPM_DIR)/include

Linking: -L$(BGL_FLOOR)/bglsys/lib -L$(HPM_DIR)/lib —lhpm.rts -Im
-lbgl_perfctr.rts

© 2005 IBM Corporation
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Example of Use (continued)

Fortran

declaration:
#include “f_hpm.h”
use:
call f_hpminit( taskID, “my program”)
gallf hpmstart( 1, “Do Loop” )
o
call do_work()
call f hpmstart( 5, “computlng meaning of life” );
call do_more_work();
call f hpmstop(5);
end do
call f hpmstop(1)
call f hpmterminate( taskiD )

© 2005 IBM Corporation
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Output

Summary report for each task

perfhpm<taskiD>.<pid>

libhpm (V 2.6.0) summary

Total execution time of instrumented code (wall time): 0.143824 seconds

Instrumented section: 3 - Label: job 1 - process: 1

file: sanity.c, lines: 33 <--> 70

Count: 1

Wall Clock Time: 0.143545 seconds

BGL_FPU_ARITH_MULT_DIV (Multiplication and divisions, fmul, fmuls, fdiv, fdivs (Book E mul, div)) :0
BGL_FPU_LDST DBL ST (...) : 23

BGL _UPC L3 WRBUF_LINE_ALLOC (Write buffer line was allocated) 11702

Peekperf performance file
hpm<tasklD>_<progName>_<pid>.viz

Table performance file
tb_hpm<taskID>.<pid>

© 2005 IBM Corporation
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Output with Peekperf

P IBNACTC PeckPerf: Main Window.
Eile Tools Qptions

sanity.c |

sanity program |
Label

job 2 1 0 0
Loutsiderl 0 0.193

MPT_Comm_sgize : LD, &num_procs
MPI Comm_rank (MP &my rank) ;

Print persocnality, memory check

nality,

String(

oy

(&personali

BCLPersonality virtualNodeMode

=

BGLPersonality isTorugX

4| | ;IJ

© 2005 IBM Corporation
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Environment Flags

HPM_EVENT_SET
Select the event set to be recorded
Integer (0 — 15)
HPM_NUM_INST_PTS
Overwrite the default of 100 instrumentation sections in the app.
Integer value > 0

HPM_WITH_MEASUREMENT_ERROR
Deactivate the procedure that removes measurement errors.
True or False (0 or 1).

HPM_OUTPUT_NAME
Define an output file name different from the default.
String
HPM_VIZ_OUTPUT
Indicate if “.viz” file (for input to PeekPerf) should be generated or not.
True or False (0 or 1).

HPM_TABLE_OUTPUT
Indicate table text file should be generated or not.
True or False (0 or 1).

© 2005 IBM Corporation
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Related Work

PARAVER (UPC)
Performance Visualization and Analysis Tool
Flexibility to represent traces from different environment
MPI trace, HW performance counter info (based on PAPI)

PAPI (Univ. of Tennessee)

Performance Application Programming Interface

Design, standardize, and implement a portable and
efficient APl to access the hardware performance counters

Kojak (Juelich)

Generic automatic performance analysis environment for
parallel programs

© 2005 IBM Corporation
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Related Work (continued)

TAU (Univ. of Oregon)
Tuning and Analysis Utilities

Program and performance analysis tool framework for high-
performance parallel and distributed computing

mpiP (LLNL/ORNL)
Lightweight profiling library for MPI applications
Only collects statistical information about MPI functions
With less overhead and have much less data than tracing tools
Only uses communication during report generation stage

© 2005 IBM Corporation
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Future work

Mp_profiler
Scalability
Xprofiler
Improved GUI
Integration with other platforms
HPM
Useful derived metrics and verifications
Hpmcount / Hpmstat ?
Integration with other platforms
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